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' The goal of this project was to develop new tools for the analysis of the stracture 
densely sampled maps of interstellar star-forming regions. A particular emphasis was on the 
recognition and characterization of nested hierarchical structure and fractal irregulanty, and t 
SkS^the level of star formation activity. The panoramic IRAS images provided data wth the 
EShd range k£2u?cde. greater Aar,; factor of 100, and in column denstty, greater than a 

faCtOT border to construct densely sampled column density maps of forming clouds , «dumn 

regions for analysis). Much of the work during the early part of the project focused on a 
squS-e degree region in the core of the Taurus complex, a well-studied region of low-mass star 

formation. drawba ck to using the IRAS data for this purpose is that it contains no velocity 

^y^^iais^a^mm^r^/to^inte^tyT^K^neachtoage^oracosecant fu^tion. 

ST dnsnemK™ utre was taken as the color temperature derived from the observed 60 pm/100 
ffilul ratio assuming a Xr" wavelength dependence of the far infrared emtssivi^ The 100 pm 
ESca“ dT'couKen be derived from the Planck function using the observed 1(X) pm intensity. 
A P ssumina P that the warm dust fraction is a constant, as suggested by other work and by the 
extensmfcomparisons mentioned below, the 100 pm optical depth is proportional to the total 
SSSS It was found that the resulting relative column density map (the absolute 
scale of the column densities is irrelevant for the present discussion) was virtually independent 
chotee of eSEity law for n = 1 and 2, and also was not sensitive to different choices of 

background ^^^y'^^’^j^^c^umtEdcnsityEnucturcs was checked by comparison of 

various jhgher-column density (0.5< AyS 5 » 1 subregions.of theTaunrs 

representations of extinction maps for the dark clouds tHeiles i Cloud ^0-1534 region), L - . 

T 1 S06 LI 529 and L1539, and with 13 CO maps for Heiles Cloud 2, B216-217-218, ana a 1 5 
HL1 529 region) ° The agreement between these maps is for the most part very good, and in fact 

*e pixel® p“"ei note live! appears significantly smaller in the IRAS structure, especial y 
P . * n • . * ^ annpnrpH tr> nrriir in the core of the LI 


dUUCOIS SlLiiiiivunu; 1/10^ 

compared to the extinction mans. One disagreement appeared to occj in the core of the L1495 
cloud, but it turns out that the ‘‘CO and extinction are saturatedthere, the CO 


maps of this region 

coi"u^enT“s large as Av ” 0 mag, even when there is no ‘"eat »> me^Much of die 
lower-column density structure can be seen by careful mspetmon o^SS^ates^ TJese 
romnarisons along with independent compansons of Tioo with '^CO column densities ana a v y 
others demonstrates the ability of IRAS to probe the relative column density structure over a rang 
ofat least a factor of 50 in column density. The only major exceptions occur around lwafiwns 
of embedded IRAS point sources, where the column densities come out veiy 
due to temperature gradients along the lines of sight to the point sources, which cause an 
overestimate of the appropriate mean temperature and an underestimate of the optical depA. 
stell^K ng regions can be easily recognized as small dark circular disks in the column density 
image AlZugh S effect is minor for Taurus, it should be much more serious in regions with 

massiv e T s h ^°™^" usion tQ be drawn from the resulting image is that, when viewed with large 
dynamic range in spatial scale and column density, one sees complex, irregular, interconnected 
S on g aU scales, with filaments, chains, tendrils, and cirrus-like 

structure does not resemble the ideas of quasi-static evolution of vinalized clouds or clumps 
current models, bu instead suggests a more dynamically active organ, zat.onal process. 



In fact, the irregularity and continuity of stmcmre m^es 

entities which correspond to discrete clouds, aMough ^of course re^on^ ^ ^ 

contrasts and forms can be operationally dls J in ^ ' Structure- Facing Complexity,” published 
discussed in the review paper “Perception of cr 

in the book Physical Processes in Fragmentation and Star Formation (ea. k . p 

used to directly compare the observed stnrctu « on estimating 

SSSSSgEStttfsfflSsasr 

cbaractmzmg^th^sp^al^s^c^ure^usdf^ of complex systems is^hi^rf^hic^stmcture,^whicM^ 

■HHSISF 

•"•"i": S35 «S®sk fSteafc'A“* 

SSSSsiSSSs. 

found, and parameters of the hierarchy as we estimated The finding of nested structure 

SSSS&sssss*. 

H2-1 87 (1992). was devoted to constructing and analyzing < column 

1 ne tatter pan oi inc g 11 r . Ap TR A q images which were mosaicked into four 

S3S3^^K&a E£K ^" 



density structures do not form a universality class, in contrast to indications for incompressible 
turbulence and many other “complex systems.” 

We have also begun to investigate the “wavelet transform” of the IRAS column density 
maps as an alternative method for compressing the structure. The wavelet transform is the 
convolution of the image intensity pattern with an “analyzing wavelet” which acts essentially as a 
notch filter that highlights regions of a given scale. This representation of an image gives the 
transform intensity in a three-dimensional space, two of whose axes are spatial, the other 
measuring scale, and is typically a tree-like structure. We are trying to use this representation to 
characterize the “complexity” or “diversity” of the image structures in various ways. 

In summary, the analysis of IRAS images carried out under this grant shows that 
panoramic, densely-sampled column density maps of regions of low-mass star formation reveals 
complex structure which appears qualitatively different from standard concepts of interstellar 
clouds. The complex structure requires new methods of analysis. Structure trees, fractal 
dimension, and spectrum of singularities have been used to characterize this structure, with 
interesting implications for the physics of the interstellar medium and star formation. 



